Topological nodal-line semimetals are exotic conductors that host symmetry-protected conducting nodal-lines in their bulk electronic spectrum and nontrivial drumhead states on the surface.
In this work, based on systematic band structure calculations and model Hamiltonian analysis, we identify topological nodal-line fermions state in the large family of earthabundant silicides or germanides, TT'X (T, T' = Transition metal, X= Si, or Ge), when the SOC is ignored. Taking ZrPtGe as an explicit example, we show that a single nodal line with large energy-momentum dispersion lies on the k y =0 bulk plane and a saddle-like DSS nested inside the nodal line projection on (010) surface. Inclusion of the SOC gaps the nodal line, realizing a Z 2 nontrivial topological state with Z 2 = (1; 000). The topological surface state evolves from the DSS with similar saddle-like energy dispersion. This is very unique since the known TIs such as Bi 2 Se 3 have Dirac-cone-like surface states [38, 39] . It is well known that saddle-points in the band structure give rise to interesting saddle-point Van Hove singularities (VHSs) where the density of states diverges in the 2D space [40] .
Once the VHS lies close to the Fermi level, the instabilities among lattice, charge, and spin degrees of freedom as well superconducting transition temperature, ferromagnetism and/or antiferromagnetism are substantially enhanced even in the weak interaction limit [41] [42] [43] [44] .
Our proposal of TNSM with saddle-like energy dispersed surface states in the large family of silicides and germanides therefore provides an exciting materials platform to explore these exotic properties in the presence of nontrivial band topology.
We perform electronic structure calculations within the density functional theory (DFT) [45] framework with the projector augmented wave (PAW) method [46, 47] and generalized gradient approximation (GGA) [48] energy functional, using the Vienna Ab Initio Simulation Package (VASP) code [46] . SOC is included self-consistently to consider the relativistic effects. We use experimental lattice parameters with an energy cut-off of 350 eV for the plane-wave basis set and a tolerance of 1.0 × 10 −8 eV for electronic energy minimization.
The surface energy dispersions are calculated within the tight binding scheme based on the maximally localized Wannier functions (MLWFs) [49] , using the Wannier-tools software package [50, 51] .
We start with the discussion of crystal structure of TT'X (T, T' = Transition metal, X= Si, Ge) materials. All these compounds crystallize in a orthorhombic Bravais lattice with the non-symmorphic space group D 16 2h (P nma, No. 62) [52, 53] . Each compound contains an early transition metal as one component, a late transition metal as another component along with either the silicon or the germanium atom. The crystal structure of ZrPtGe is illustrated in Fig. 1(a) as an example. In this structure, Pt and Ge atoms form strongly corrugated Pt 3 Ge 3 hexagonal networks and Zr atoms fill the cavities left in these networks.
Due to the strong puckering between different atomic layers, Pt forms a distorted tetrahedral configuration with Ge whereas Zr is coordinated to five Ge atoms as noted in Fig. 1(b) .
The associated crystal symmetries include an inversion center i, two-fold screw rotation axes Fig. 1(c) .
In Fig. 1(d) we present the electronic structure of ZrPtGe without considering SOC.
The valence and conduction bands cross along the high-symmetry lines Γ − X, Γ − Z, and Γ − U that are tied to k y = 0 plane of the bulk BZ. A full BZ exploration shows that these band crossings persist along a closed path, realizing a single nodal line on the k y = 0 plane inside the bulk BZ as shown in Fig. 1(c) . This indicates clearly that ZrPtGe is a NLSM without SOC. As we consider SOC, the nodal line evaporates with the opening of a gap at the band crossings points as illustrated in Fig. 1 Fig. 2(a) ]. This implies a nontrivial band topology in the system even without SOC. We explicitly calculated the topological invariant for system using the mirror eigenvalues analysis [31, 32] . The computed topological invariant ν along the high-symmetry lines is presented in Fig. 2(c) . It takes nontrivial value only inside the nodal line and thus, signals the existence of odd number of DSSs inside the nodal line projection over the surface [31, 32] . In Fig. 2(b) we present the nodal line structure in the E − k x − k z show that ZrPtGe becomes a strong TI with Z 2 =(1;000).
One important signature of topological NLSM is the existence of DSS either inside or outside the nodal line projection. Figure 3 shows the states for semi-infinite (010) surface of ZrPtGe which is parallel to bulk mirror plane M y . The bulk bands projected onto (010) surface without SOC are shown Fig. 3(a) where the nodal-line crossings are clearly seen.
The DSSs nested inside the nodal line are visible in Fig. 3(b) which is consistent with the calculated non-trivial invariant inside the nodal line. Unlike the nearly flat DSSs reported in earlier works [25, 26, [31] [32] [33] , the states of ZrPtGe are more dispersive, and interestingly, they have opposite band curvatures along Γ − X and Γ − Z directions, realizing an unique saddle-like energy-momentum dispersion relation. Such a 2D saddle-like bands are proposed as a route to achieve many fascinating properties [23, [41] [42] [43] [44] . In order to develop a better understanding of the saddle-like TSSs discussed above, we now present a low-energy effective model Hamiltonian which is obtained using the theory of invariants in a similar way as in the case of Bi 2 Te 3 [39] . On the (010) surface besides Θ, only 
where k ± = k x ± ik z . Here coefficient η determines the form of E − K dispersion relation and depends upon the rotational symmetries present in system and its material properties.
While η < 0 gives a paraboloidal energy dispersion, η > 0 ensures a saddle-like energy dispersion. In a system, the n-fold rotational symmetry C n with n > 2 normal to the surface forbids η > 0 i.e saddle-like energy dispersion for the surface state whereas n ≤ 2 allows it. This can be verified easily from symmetry constrains of C n on the Hamiltonian
this Hamiltonian remains invariant only for C n with n ≤ 2. It is worth noting that this is only a necessary condition for realizing a saddle-like energy dispersion which depends also on the material properties. As ZrPtGe has a big nodal line energy dispersion in the bulk and its (010) surface lacks C ny with n > 2, it hosts a symmetry allowed saddle-like state In the presence of SOC, the DSS splits into two branches, developing into the spinpolarized surface states of a strong Z 2 TI. A two-band k.p Hamiltonian is therefore necessary to describe these states. Considering M z = −e −i(kx−kz)/2 iσ z and Θ = iσ y K, where σ i=x,y,z denote Pauli spin matrices, and K is complex conjugate operator, the effective model
Hamiltonian with SOC can be written as
where
are the Dirac velocities along x-and z-axis, respectively, with the second order correction. The corresponding energy
The above energy dispersion demonstrates a new type of symmetry allowed nontrivial topological surface state which is distinct from surface states studied so far [5, 38, 39] . This new TSS evolves from the saddle-like DSS, having a single Dirac-point at Γ-point and two pairs of saddle points. The two saddle points are located on (k x , k z ) = (±m * v x , 0) with
, on the lower branch and other two at (k x , k z ) = (0, ±m * v z /η) with
on the higher branch of the TSS (see Figs. 4(d)-4(e) ). This can be further seen in the DOS shown in Fig. 4(f) ) where the two saddle-point VHSs are evident at ω * − and ω * + . Such unique topological surface states would enable new routes to study novel many body physics to be realized with topological states.
In summary, we propose that the TT'X family of silicides and germanides realize a single 
